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1 
Thls invention relates to seismic prospecting 
and parttcularly fo systems in which signal chan- 
nel respectively associated with the geophones 
of a spread are cress-connected so to effect mix- 
ing of the geophone signals to produee a com- 
pote record in which the reflections may be 
readfly identifled. 
In seismic prospeeting an explosive charge is 
detonated in a shothole in order to generate 
selmic waves for detection by geophones or 
other sentive wave-responsive devices. As 
those skflled in the art know, considerable skill 
is requlred in interpretation of seismograms or 
records of the detected seismic waves to recog- 
nlze reflections as dtstingulshed frein local di- 
turbances which also affect the geophones. These 
dtsturbances arise because the explosion of the 
charge preduces seismic waves hot only within 
the frequency range of those which are reflected 
from subsurface strata, but also frequencies out- 
side of that range. Moreover, there are present 
during the rime of taking a seismogram many 
setsmic waves which are hot the result of a re- 
flectton from an interface but which represent 
the continued presence of local seismic energy 
wtthin the frequency range of the reflections it 
is desired to record. By utillzating a plurality of 
geophones generally known as a spread, it ls pos- 
sible by comparing the several seismograms fo 
recognize reflections. It bas also been proposed 
to mlx the signals from the several geophones 
so that the local knd unwanted extraneous dis- 
turbances, including ground roll and wind strays, 
wtll be eliminated or greatly reduced in amplitude 
by reason of cancellation. Theoretically, the 
improvement obtainable by mixing should be pro- 
porttonal to the square root of the number of 
channels mixed. However, such an improvement 
 has not previously been achieved in practical op- 
eratton and the improvement realized does hot 
seem to increase to an expected degree when the 
outputs of three and higher numbers of geophones 
are mlxed in one channel. 
It ts an object of the present invention fo pro- 
vide mixing arrangement which improve the 
seismograms by amount more nearly propor- 
tlonal to the square root of the number of chan- 
nel mixed; and particularly fo secure improre- 
ments of that order upon mixing of the signals 
from three and more geophones prior to recording 
a selsmogram. 
In accordance with the present invention, the 
cro-channel connections for mlxing of signals 
of dlfferent channels include fllters which may 
either favor the frequencies corresponding with 
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2 
those of seismic waves so to attain reinforcement 
of the signal frequencies of interest in the rec- 
ord, or they may favor the undesired signal fre- 
quencies which bave mutually cancelling effect 
5 in the mixing because of phase differences, so fo 
minimize in the composite record the frequencies 
corresponding with undesired disturbances: in 
either event, the cross-channel includes a mixer 
tube for asymmetric passage between the signal 
10 channels of the frequencies pased by the fllter. 
While the mixture of two or more channels 
produces an improvement in a seismogram with- 
out the inclusion of said filters, further improve- 
ments are achieved by reason of the filters and 
15 therefore the invention is utilizable to advantage 
in the mixing of ]ess than three channels as well 
as three and more channels. 
The invention further resides in features of 
combination and arrangement hereinafter de- 
20 scribed and claimed. 
For a more detailed explanation of the inven- 
tion, and for further objects and advantages, 
reference is made fo the accompanying drawings, 
. - in which: 
25 Fig. 1 is a circuit diagram, in simplifled form, 
of a geophone spread utilizing selected frequency 
mixing; 
Figs. lA and lB i11ustrate alternative arrange- 
ments for controlling the magnitude of the mix- 
30 ing; and 
Figs. 2-4 inclusive are explanaory figures re- 
ferred to in discussion of the operation of the 
system shown in Fig. 1. 
Referring to Fig. 1, each of the geophones 
35 |OA, JOB, |OC and |OD, suitably spaced to form 
a spread along the area under survey, preduces 
in response to reception of seismic waves a signal 
output which is transmitted through a corre- 
sponding one of the signal channels A to D to the 
40 associated element of a recorder i7, which pro- 
duces u composite record which can be analyzed 
to determine the depth, slope and other informa- 
tion concerning subterranean strata. The signal 
output produced by the geophone i0A, for exam- 
45 ple, is impressed upon the input circuit of an am- 
plifier having a suitable number of stages. For 
simplicity of explanation only a single stage is 
shown. 
In the input circuit 2A of the amplifier is 
50 included a coupling transformer A connected 
fo the geophone. Preferably as shown, the con-" 
trel grid of the amplifying tube is connected fo 
a potential dividing resistor 3A which may be 
manually adjustable fo determine the percentage 
55 of the tetal available input voltage that is applied 
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to the amplifier tube. The output or anode cir- 
cuit of the tube 12A includes the primary of a 
transformer |SA, whose secondary circuit may 
be included in the input of one or more additional 
amplifier stages  6A. 5 
Similarly, the geophones |0B and |}D of each 
of the other channels B to Dis provided with an 
amplifie tube,. J_nput and ottpt  l;ansfortners, 
and a potenial dividing resistance/«Fo brevity 
of explanation, the corresponding circuit elements 10 
of the several channels are identified by the saine 
reference characters, differing, however;,b:,-.the 
suflix corresponding with the channel desigha- 
tion. :i- ï: q': «- i:..:.»l«..:  
In the system as thus far described, the indi- 
vidual geophones ][}A to |D"resPOfidnot on!Y 
fo the seismic waves which it is desired to record 
but also to unwanted distuïbaTcs,which -are 
minimized, .as appearing in the seismograph rec- 
ord, by the selective frequency cross-chnnël con- 20 
nections now described,-'. The input terminals of 
...tler l a are ;conneetbd tohe- sinaD channel«B 
ofo , impssionhereon O the gnal:Jproduc 
by geophone,'.B;"orexamp]e, :th tnpüt:circul 
.ofe filter-be'cennete4n shunttO:thë 
.pler.-tube 12B: :BF.closur:ofsih 1,9 to«effect 
 engagemenç ith , contact2O the oU£p signgl 
:of e'filte is impressed.uo hé" inputelectfies 
.of::ng»-tube.whOse:plate:»circuiç:is'taded 
in cel,. &.,.:e frequeneieS :of:. signal::Chël 30 
B. hic:are .paSSedhy-. filter :: 
sial:channel A«: becae th rammission:bar- 
cteristicof'.the cross-chännel:is:asymmetricïdue 
 ;.the:,mixing .te; those  sgme-ïeuenCieS à:re 
.t -trsmitted.;from. channel : 
-tmshor,:.the roSs,channel:inclUding filer; , :as 
ell s:çthe:.other croes-channël.:läter dlScsed, 
is frequency-selective a.ndasmmebic: -eml.- 
tube-may.beas epar aeube, :or:a shdwn,ay 
h,compised  tbe:. 2A'.which. may 
plifying and mixing purpose 
.7.The:fllter 18ma be of the band-pass type hav- 
ing-: requecyr.esponSeç chmcteritic 
simflar to that shown in g. 2. In such:vent, 
the»lter. 18:selects .from. he: sinal- outpU, of 
the ¢ophone :$B a ffesied.band: çf..frequenCies, 
usuay from about thirty cycles to seveny.eyles 
pe..seca,,.corresponding:, wïth hose a seismic 
wave.ner.study:and ' presges.:.suCh freuénCy 
band upon the tube 2A for admixture.vit::ä:ll 
ef:çheigna!.«frequenci :produged:bF- thë: geo- 
phone [OA-.- As, the refiected:: ves=froi deèp 
strata arrive substantially. àç the sam time:at 
the:spaced'geophoneS0f a spréad, tIi-rèCted 
wave gn] ener selecte.by r  8 îrombhan 
nek,Bnà troducedïnte :channel-A:-bP them 
ing £ube :isï addtive  channel-:to the rfiëct. 
wve:seismic signals produced bygeophene 
çhe System .:shn, also inctudes 
asiated.:wih Channet. ç far seleting am tfiê 
a ::.prodced.: by - geOphone :  C .:.the : gigfial 
renencies. !corresponding:. with 
emic:«aves,.  B closue off sv«itc:2 to.efft 
engement:f i:contct 2, :the,ouput ,of:tl]e 
filerr2z:impressed,_upon :pa of:inpUtëled  
trees;of-.a second, mixer:tube:2A wose:outPut 
ci:rct  included in chael' 
provided ming with the signals of geophone 
 SA -selected..frequencies :of..he.: signal outpUt 
Odueed.by:.geophonel C. :. Sflarly, by losure 
o-.swieh 28 to .effect: engagement-ef :contact'2 
qtr:.:input.. sectiòmoïtube;,2A or another. 
pysy., epr mixing tube..is ,connecd, : 
çl» s:0ciud :with channeLD for::dmix« 
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any one or more of the other signal channeïs bf 
the spread. 
By the arrangement described, the signal out- 
put of any one or more of the channels may to 
selected extent include the seismic signals of 
the geophone of that channel and any one or 
more of the other channels with additive effect 
only of the signal frequencies correslnding with 
-sesmc waves of a desired frequency band and 
wlth no more signal comportent due to extraneous 
dtsturbances, such as ground roll and wind strays, 
than would be present without mixing. So far 
as the resulting record is concerned, the effect is 
that of enhanced prominence of the curve chr 
acteristics relied upon in determination of the 
depth and slope of subsurface strata. 
With the construction of variable réistors 
13A--13D shown in Fig. 1, the positions of their 
adjustable contacts control both the amount of 
mixing and also the magnitudes of unflltered sig- 
nals applied to the ampliflers of the respective 
channels. To afford additional flexibflity by 
indep¢ndent control of the mixing and the un« 
flltred signal input, the resistors 13A--13D may 
b replaced by either of the arrangementsshown 
in Figs. lA and lB. In the former, the input lead 
fo the corresponding fllter I$, 22 or 27 is con- 
nected fo the movable contact of voltage-divid- 
ing resistor 3 whereas the input lead fo the am- 
plifier tube 2B, 2C or 2D is connected to the 
movable contact of a second voltage-dividing re- 
sistor S I in shunt fo resistor . The saine 
independence of control, which is of advantage 
under circumstances such that a refiection would 
hot otherwise carry through on all of. the traces, 
may be obtained by providing each of the re- 
sistars A--! D with two adjustable contacts, as 
shown in Fig. lB, connected respectively to the 
associated filter and fo the associated amplifier 
tube. 
It is also possible to produce records in which 
the unwanted signal disturbances are minimized 
by uslng band-eltmination fllters having gen-. 
erally characteristics such as shown in Fig. 3. 
In the event the fllters $, 22 and 27,-and others 
not shown, are of this type, the frequencies 
selected for interchannel mixing are the frequen- 
cies corresponding with the unwanted disturb- 
ances, usually up fo about thirty cycles and above 
seventy cycles, but since these disturbances gen- 
erally arrive ai the geophones of the spread ai 
different times, or out of phase, the effect of the 
nIxing is fo more or less effect their mutual 
cancellation. In any event, the overall effect so. 
far as the ultimate record is concerned, is gen- 55 
erally the saine as that attained by filters of the 
band-pass type, namely, emphasis in the record 
of the seismic wave signals and minimization of 
signals due to undesired disturbances. 
The cross-channel filters 18, 22 and 2 may 60 
each be of type disclosed in my co-pending.appi- 
cation, Serial No. 679,991 whose frequencY re-. 
sponse as shown by curves T, Te and T of Fig. 4, 
automatically varies as a function of rime in the 
interval following a shot so that the frequencies 65 
selected from the signals of individual chainels 
for admixture with the geophone signals of dne 
or more of the other channels shift with rime 
continuously to favor the reflections from deépèr- 
and deeper strata. Thus, throughout the record- 
ing interval there is in the output signal of a 
channel hot only the normal extraneous signal 
comportent of that single channel but also the 
cumulative seismic output si2nal produced by 
several geophones in response to reflected seismic 

wavë s whose predominant frequency changes dur- 
ing the recording interval. 
Whiiè.the mixing of four dhannels bas been 
shown ihdetail, it is to be understood that the 
 output signals from any desired number of geo- 
phones may be mixed together in accordance 
with the invention and that in each case there 
Will be further improvement of the seismogram 
in the elimination of the local disturbances and 
10 in tle emphasis of the refiected waves which 
arrive substantially simultaneously at the several 
geopones in avoidance of the cancellation effect 
which is eranced by reason of the present in- 
vention. 
15 W.hile a preerred form of the invention has 
been deseribed and i]lustrated, it is to be under- 
stood modifications may be made within the scope 
of the appended claires. 
What is claimed is: 
2o 1. A seismic prospecting system comprising at 
least two geophones for producing signals in the 
seismic frequency range of about thirty to seventy 
 cycles per second in response to refiections of a 
shot impulse from subsurface strata and also re- 
25 sponsive to local seismie disturbances resulting 
front Said shot lmpulse to produce undesired sig- 
 nals, a c0rresponding number of recording means, 
signal, channels each between one of said geo- 
phones and' one of said recording means, and at 
30 least 0ne frequency-selective asymmetric cross- 
channel Conneetion including a filter and a mix- 
ing tube providing for asymmetrie passage of 
selected frequencies from one to another of said 
channels, thereby in advance of its application 
35 to said recording means to modify the geophone 
signal, of the eorresponding channel by the asym- 
metric mixing therewith of selected frequencies 
of the geophone signal from at least one other 
channel so to enhance in the signal record pro- 
4O dueed by said recording means the frequencies 
of.aforesaid range corresponding with refiections 
from subsurface strata. 
2. A. seisme prospecting system comprising at 
least two geophones for producing signals in the 
45 seismic frequency range of about thirty to seventy 
cycles per second in response to reflections of a 
shot impulse îrom subsurface strata and also re-. 
sponsive to_local.seismic disturbances resulting 
from said shotimpulse to produce undesired sig- 
50 nals a corresponding number of recording means, 
signal channels each between one of said geo- 
phone and one of said recording means, and at 
least one frequency-selective asymmetric cross-. 
channel connection including a band-pass filter 
and a mixing tbe providing for asymmetrie pas- 
sage.of desired seismie signal frequencies from a 
first to  second of said channels for cumulative 
effect upon the recorder associated with said 
second ch.annel of the same desired seismic sig- 
na frequencies impressed upon both of said- 
channels by the geophones respectively asso- 
ciated..therewith. 
3. A seismic prospecting system comprising at 
least two geophones for producing sgnals in the 
selsmic ïrequency range of about thirty to seventy 
cycles per second-in response to refiections Of a 
shot impulse îrom-subsurface strata and also 
responsive to local- seismic' disturbances resulting 
70 from said shot impulse to produee undesired sig- 
nals, a corresponding number of recording means, 
signal channels each between one of said geo- 
phones and one of said recording means, and at 
least one frequency-selective asymmetric cross- 
75 channel connection including a band-eliminution 



means, and frequency cross- 
cha.r,el. 



